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(S7) AbstrBct; T)» we.«fK invemwr! provides devjees forcltiisinig sej^tai rfefecis, such a« a f^ateoi forsffieiv ovate (PFO). Phe. ckisufc 
ijevices {250) indtKte 8 pmx.»mai anchor nteraber ('-?5.'!), a distal afichor member {353), sind at ki;«;,t one flexible center joint (259) 
coiif<ecii!ig liie two ssnchof mcraba-^;, .AfWRiirsg w sosne embij;ji!v,e;v,s, '.he psoxtmai saxt'of (.listai sitschtir merabars m-iy mcimia a 
gi.-fs.'iaily cyUndiicaf aiSi-jAier spHt along the centRti fwrtios! ijf its isiigi!-: !0 i'onr, an sJongate osal The proximai ilrid.'Vij distai aavlioi- 
.nijEnliers insy further iiiciude a tissue scaffoid (260), At !«!.st ao.me of ihe ciosare device.4 acwrtiing ;.o lim picswn jfiTOfitii.5i; are 
rejwsstionabte and mrievabie. 
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mo CLOSURE 1>EVICE WrfH FLEXIBLE THfiOMBOGENIC JOINT AND 
IMPROVED BISLODGEMENT RESISTA.NCE 

Rdated Applications 

[OO013 This application i$ a coiitiiH3ation-ia.-part of U.S. Applicalion No. 
5 1 0/326,535, tiled December 19, 2002, which dairas the benefit of U.S. Provisional 
Application No. 60/340,858, filed on DeccTOber 19, 2001. 
Field of the faveati o o 

[0002J The presejit invention relates geaerally to an occlusion device for the 

closiue of piiysical axiomaltes, such as a pateut foramen ovaie. 
iO BackHround of the In veHtion 

{00033 A patent foramen ovale (PFO), iilustrated hi Hgme 1, is a persistent, 

one-way, usually flap-Uke openiag in the wail between the right atrium 10 and left 
atrium 12 of the heart. Because left atrial (LA) pressure is normally higher than right 
atrial (RA) pressi^re, the flap usualiy stays closed. Under certaia conditions, however, 

15 right atrial pressure can exceed left airia? pressure, creating the possibility that blood 
could pass from the right atrium 10 to the left atrium 12 aiid blood clots could enier the 
systemic circulation. It is desirable that this circumstance be eliminated. 
[0004 j The foramen ovaie serves a desired pmpose when a fetus is ge^tating in 

ulei-o. Because blood is oxygenated tlttough tlie umbilical chord, and not tluough the 

20 developing lungs* the ckculatory system of the fetal heart allows the blood to flow 
tiwough the foramen ovaie as a physiologic conduit for right-to-ieit shunting. After 
birth, with the establishment of pulmonary circulation, the increased left atrial blood 
flow and pressure results in functional closui-e of the foramen ovaie. This functiona! 
closure is subsequently followed by anatomical closure of the two over-lapping layers 

25 of tissue; septum prhnuai 14 and septum secundum 16. However, a PFO has been 
shown to persist in a number of adults. 

[0005] Tfie presence of a PFO is generally considered to have no therapeutic 

consequeiice in otherwise healthy adulis. Paradoxical embolism via a PFO is 
coasktered in the diagnosis for patients who have suffered a stroke or transient 
30 ischemic attack (ILK) in the presence of a PFO and without another identified cause of 
isciienuc stroke. Wiiile there is currently no definitive proof of a cause-effect 
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relationship, many studies have confirmed a strong association bet«'eea the presence 
of a PFO and the risk for paradoxical embolism or stxokc. In addition, &ej® is 
significant evidence that patients with a PFO who have had a cetebrai vasculiir evejit 
are at incisased risk for jfuture, rmirrcnt cerebrovascular evenis. 
[0006] Accordingly, patients a£ such m increased risJt are considered for 

prophylactic medical tfierapy io reduce the risic of a recurrerit embolic event. The-se 
patients are coiBinoniy treated with oral aiiticoagulaDts, which potentially have adverse 
side eftbcts, such as hemorrbaging, hematoma, an.d iBteractiorss with a variety of other 
drugs. The ase of these drugs can alter a person's recovery and necessitate 
adjustraents in a person's dsily living pattera, 

[0007.1 hi certain cases, such as when aniicoaguiatSon is corstraindicated, 

surgery may he necessary or desirable to close a PFO, The surgery would typically 
iaciude suturing a PFO closed by attaching septum secondum to septum primam. This 
sutured attachment can be accomplished using eitlier an internTpted or a continuous 
stitch and is a common way a surgeon shuts a PFO under direct visualization. 
[0(J08| UmbreUa devices and a variety of other similar mechanical closure 

devices, developed iJEiitialiy for percutaneous closure of atrial septal defects (ASDs), 
have been used in some instances to close PFOs, These devices potentially allow 
patients to avoid tlie side effects often associated with anticoagulation therapies aiid 
the risks of invasive surgery. However, umbrella devices and the like that are 
designed for ASDs are not optimally suited for use as PFO closure devices. 
{0009j Cuffently available septal closure devices present drawbacks, iacludiag 

technically complex implantation procedures. Additionally, there at-e not insignificant 
complications due to tlirombus, fractures of the components, conduction system 
disturbances, perforations of heart tissue, and residual leaks. Many devices have high 
septal profile and include large masses of foi-eigii material, which may lead to 
unfavorable body adaptation of a device. Given that ASD devices are designed to 
occlude holes, many lack anatomic conformability to the ftap-like anatomy of PTOs. 
'ITtos, when inserting an ASD device to close a PFO, the narro^v opening and the tlitn 
flap may form impediments to proper deploynient. Even if an occlusive seal is 
formed, the device may be deployed in tlie heart on an ;ingle, leaving some 
components insecurely seated against the septum and, thereby, mkmg thrombus 
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formation due to hsmodynamic disturbances, Finaly, some septal ciosute devices are 
complex to manufactiire, which i»ay result in iaconsistent product performaace. 
[0010.1 Th.e present invention is designed to address these aad other 

deficiencies of prior art septal closure devices. 

5 

Briet Summajry of Emboditiients of the Inveaifion 

I 1XKI.1J Various embodiments of the present invention are directed to devices 

for closing septal defects sucb as PFOs. Ths- closure device* geueially inciude a 

1 0 proximal anchor member, a distal anchor member, and a flexible ceater joint 

coimectiag the two aI^chor members. The center joint may be one or more sutures. 
Alternatively, the center joint maybe a flexible elasstomeric layer, which may promote 
tissue ingrowth or deliver drags. The flsxibie matenal may also be covered with a 
biocompatible material to promote adherence to tissue or with growth factoris to 

i 5 accelerate tissue ingrowth, 

[0012J la. accordance with some embodiments of the invention, the closure 

device is formed of bioresorbable componeirfs such that substantially no permanent 
foreign xnaterial remains in the body, 

[0013] In accordance with other embodiments of the invention, the proximal 

20 and/or distal anchor members of the closure device may include a generally cylindrical 
member split along tije center portion of its lengtli to form an elongate oval when the 
ends of the member are pressed together. Of cotirse, a variety of cross section shapes 
in addition to a circular cross section may be used. Such proximal and/or distal anchor 
members may be two-dimensional or tliree -dimensionai. Such proximal and/or distal 
25 anchor members may further include a tissue scaffold, 

[00141 III accordance with further embodiments of tiie inveniion, meciianisras 
are provided to coUap<se the closure device in order to feciiitate dex'ice delivery, 
reiftoval aiid'or repositioning. 

[0015] Tiie^e and other features will become readily appai'cnt from the 

30 following detailed description wherein embodiments of the invention, are shown and 
described by way of illusu'atjoa. As wili be retilized, the invention is capable of other 
and diifereat embodiments and its several details may be capable of modMcatioUvS in 

3 
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various respects; all witfaoat departiag fTom the iavetstion. Accordingly, the drawiags 
and description are to be isgarded as illustrath'e in nature and not in a restrict ve or 
limiting sense. 

Brief pescription pS^ the Drawings 

[0016] HGUEE i is a cross-sectiotial view of a poitioa of the heart ilimtxating 

aPFO; 

[0017] FIGURE 2 illastrates a depioyed PFO closure device with bioresorbable 

compoaents m accordance with one or more embodiments of the inventioa; 

[0018} FIGUSB 3 illustrates the PFO closure device of FIGURE 2 in a 

collapsed state for passage tteough a delivery catheter or siteath; 

[00193 HGUKE 4 illustrates a closyre device deployed to close a PFO in 

accordance vifith one or more further embodiments of the invention; 

E00203 FIGURB 5 ilixistrates a closure device deployed to close tlie PFO in 

accordance with one or more farther embodiments of the invention; 

[0021] FIGURES 6A and 6B are front and side views, respectively, of a PFO 

closure device in accordance with one or more further embodiments of the invention; 

[0023] FIGURES 7A and 7B are front and side views, respectively, of a PFO 

closure device in accordance with one or more fuither embodiments of tiie invention; 

[0023] HGURES 8A and 8E are side and frost views, respectively, of the PFO 

closure device of FiGUfaE 6 deployed to close a PFO; 

[00241 FIGURES 9 A iUustrates a closure device having a retrieval mechanism 

in accordance with one or more further exubodiiuents of the invention in a collapsed 

state for passage tluough a catheter or sheath; 

[002S] FIGURB 9B is a ixonf. view of the FIGURE 9 A device; 

[0026] FIGURES 9C-E iliustrale deployment of the FIGURE 9A device; 

[0027] FIGURES 9P-H illustrate removal of the FIGURE 9A device; 

10028] FIGURE lOA illustrates a cioaare device having a refxieval mecliaaism 

in accordance with one or moxo further erabodiments of the invention in a coilapse-d 

state for passage tteougii a catheier or sheath; 

[0029] FIGURE lOB is a front view of the FIGURli iOA device; 

4 
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pOSOj PTOURES llA aad 1 IB illustrate aa anchor member with aa elastic 

hinge ia accordance with oae or more furtiier embodiujents of invention; 

[0031] PIGUSE 12 illustrates a PPO closure device made from a siagle 

material ia accordance with oae or more fttr&er embodimmts of the invention; 
5 10032] HGUKE 13 illusti-ates a PFO closuxe device having infiatabie anchor 

members in accordance with one or more forther embodimeats of the in-ventioa; 

[0033] FIGURE 14 illGStrates a PFQ closure device with a wire connecting ilie 

proximal aod distal anchor members in accordaijce with oae or more furtijer 

embodiments of the iiiveittion; 
1.0 [0034] FIGURE 15 iliusmues a PFO closure device having a frame member in 

accordance with one or more furthei- embodiments of the triventioa; 

[003SJ FIGURE 16 illustrates a PFO closure device having frame aachor 

ciembers in accordance with one or oaore further einbodiments of the invention; 

[0036] FIGURE i 7 illustrates a PFO closure device having frame anchor 

15 memfaexs m accordance with one or more further emhodimente of the invention; 

[0037] FIGURE 18 illustrates the FIGURE 17 device in a collapsed state for 

passage through a catheter or sheath; 

[00383 FI0U14E 3 9 iilustiates a frame anchor mraiber having metal and 

polymer components m accordance with one or more farther embodiinents of the 
20 invention; 

[0039J FIGURES 20A atid 20B Ulustrat* a PFO closure device having anchor 

members formed ftoai a tolled material ia accordance with one or more farther 
embodiments of the invention in rolled and unrolled positions, respectively; 
[0040] HGUSJBS 21 A and 2 IB illustrate aa alternate PFO closure device 

2S having aachor members formed from a rolled material m accordance with oae or more 
further embodiments of the invention in rolled and unrolled positions, respectively; 
[0041] FIGURE 22A illustrates a closure device having frame aachor members 

and a generally "X" shaped joint memba- ia accordance with one or more further 
embotiimsnts of the invention; 

30 [0042] FIGURE 22B illustrates the proximal anchor member of the FIGURE 

22A device; 

[00433 FIGURE 22C illustrates the FIGURE 22A device iii a deployed state; 
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[00443 FIGURE 23 iJlustrates a closure device havmg frame anclior members 

having a geaemiiy "+" shaped frame structore m accordance with one or more further 
embodiments of the iaveatioa; 

[0045] HGXJKE 24 illustrates a closure device having frame mchov members 

having a generally "G" shaped frame sljxictare in accordaace witii oxie or more iuither 
embodiments of the inveation; 

[(10463 FIGURE 25 is a perspective view of a iwo-dixnensionaJ closure device 

with anchor menibers having aa elongate oval configuration in accordaace witii one or 
more further embodiments of the inventioa; 

[0047] FIGURE 26 is a cross-sectionai end view taken along line 26-26 of the 

two-dimensional ciosnre device of FiGlJRB 25; 

[00483 FIGURE 27 is a scbermfic view of the £%'o-dixnensionai closure device 

of FIGURE 25 dej)Ioyed at a delivery site in vivo; 

[0049J FIGURE 28 is a schematic end view of a tluec-dimensional closure 

device with anchor members having an elongate oval configuration in accordance with 
one or more fmlher embodiments of the invention; 

[0050.1 FIGURE 29 is a schematic end view of a tlinee-dimensionai closure 

device witli atichor members having an elongate oval configuration in accordance with 
one or more further embodiments of the invention; 

{OOS 1] HGX JRB 30 is a schematic end view of a three-dimensional ciosore 

device with anchor members having m elongate oval configuration in accordance with 
one or more further embodiments of the invention; 

[00523 FIGURE 31 is a schematic end view of a tliree-dimensional closnre 

device with arwhor members having an elongate oval configuration in accordance with 
one or more further embodiments of tile invention; 

EG0S31 PIOURB 32 is a schematic view of the three-dimensional closure 

device of FIGURE 29 deployed at a delivery site in vivo; 

100S4] FIGURE 33 is a perspective view of a two-dimensional closure device 

in accordance with one or more further embodiments of the invention; 
[00SS3 FIGURE 34 is a cross -sectionai view taken along line 34-34 of tiie two- 

dimensional closure device of FIGURE 33; 
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[00563 FIGURE 35 is a perspective view of a two-dimensioaai cJosure device 

in accordance with one or more further embodimeiQts of &e iavendon; 
[0057j HGURE 36 is a cross-sectional ead view taken along line 36-36 of the 
two-diniensionai ciositre device of FIGURE 35; 

[0058] FIGURE 37 is a schematic perspective view of the iwo-dimensional 

closure device of FIGURES 25 and 26 in a collapsed state and inserted irtto a catheter; 
[005.9] RGURES 38-4 1 are schematic viev.'s of a method for delivering a 

closure device to an intended delivery site in vivo according to one or mors further 
embodiments of the inventioii; 

[0060] FIGURE 42 is & seheaiatic view of a method for repositioning a closure 

devia; at a delivery site in vivo accordiag to one or more fnrtfaer embodiments of the 

invention; 

[0061] HGURE 43-4<5 are sciieraatic views of a method for retrieving a closure 

device from a delivery site in vivo according to one or more further embodiments of 

thciBveiition; 

[0062j FIGUEB 47 is a perspective view of a two-dimensional closure device 

in accordance with one or aiore further embodinjenfs of the invention; 

tO063] FIGURES 4SA and 4S.B are perspective views of a two-diinensionai 

closuie device with anchor members having an elongate oval configuration in 

ac-cordajice with one or more fm ther embodiments of the invention; 

[00643 FIGURE 49A is a perspective view of a two-dimensional closure 

device with anchor members having and elongate oval confxgaration in accordance 

with one or more ftirtber embodiments of the iaventioa; and 

lOO^i FIGURE 49B is a schematic view of the two-dimensional closure 

device of FIGURE 48A deployed at a delivery site in vivo. 

[0066] FIGURE SO is a perspective view of a two-dimensional closure device 

with anchor members having an elongate oval configuration in accordance with one or 
more further embodiments of tite mvention; and 

[0067] FTGURE 51 is a sciiematic view of the two-dimensional closure de vice 

of FIGURE 49 deployed at a delivery site in viva. 
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Petailed Description of Embodiments 

[0068] ViieioiJS einbodmients of the present invention are directed to methods 

and devices for ciosmg septal defects such as PFOs, priojarili' by eiiciiiiig a healing 
response at the defet^t. The device may have various configurati.on.s that, in general, 
5 iadude m aiidior member on each side of the septal defect with at least one 

conaectiag member between the aichor members that j oins the iaichor meaibers. I'he 
at lea<it one cotmectiug member may have one of sewrai coufiguratioas that promotes 
a heaUtig response in the defect. 

10069] As shown in FIGURE 2, a PFO closure device IS in accordance with 

iO one or more embodiments of ths present invention indudes a distal anchor component 
or member 20 (which can be placed on the left auiai side of the PFO), a pioximaJ 
anchor member 22 (to fix the device in place), a proximal attachment point 24 (for 
attaclunent and release from a catheter), and a central connecting member 26 (widch 
can, for example, be a simple suture in accordance with tlus embodiment). 

15 [0070J In some embodiments, the distal anchor, the proximal anchor, and the 

connecting member are bioresorbable. These components can be fabricated from 
either a single bioresorbable polymer or by a laminated composite of two or more 
materials to provide a unique mix of properties such as, for example, anchor members 
having stiff centers and flexible edges, and blood contacting surfaces having controlled 

20 porosity or sarface texture to promote fast and thorougli endotiielialization, while 
miniaiiziiig thrombosis. In addition, the tissue-contacting surface of the anchors can 
be designed to provide added stability by, for example, being rougliened, 
[0071] The distal anchor 20 is an elongated, preferably generally cylindrical, 

thin bar-like member with rounded, arcuately shaped ends. The tissue contacting 

25 surface of the atichor can be generally flattened to Increase tissije surface contact. In 
size, the distal aachor component might, tov example, be i5--30 ram long and 2 mm in 
diameter with a circular cross-section. The proximal anchor 22 can be of siinilar 
dimensiOBS and shape, aitSiough it caa be shorter in overall length. 
[0072] Other dista! and proximai. anchor stractures are also possible. For 

30 example, the ancbor,s can be formed of a generally fiat material ralle.d to forfli a 

cylindrical shape as described below witii respect to the embodimentis of FIGUJRBS 20 
and 21. 
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[0073] For deiivery and deployaient, the distal ancbor 20 and proximal andior 

22 are positioned to be geaeraiiy aligned m & longitudinai, end-to-eod mmiisr wifeiu a 
deliver}-' sheath or catheter 28 as shown m HGUllE 3. Tliese componeBts, with the 
flexible cormectmg member 26, traverse the catheter or delivery sheath in this 
5 longitudinal ofieiitafioK, The catheter or delivery sheath is inserted between septum 
priaium aad septum secundum into the left auium 18, and the distal anchor compoiient 
20 is ejected. Then, the catheter or delivery sheath 28 is withdrawn into ihe right 
atrium, and the proxitniil anchor 22 is ejected. The, flex-ibie central coanectitig raember 
26 extends between septum primiim and septum secundum to join the distal anchor 20 

10 and the proximal anchor 22. Oace ejected, the distal anchor and proximal anchor 
generally self-orientate to be essentially peipendicular to the axis of the central 
connecting member and in generally parallel planes to one another. The exact 
orientation will be governed by the individual patient's anatomy, The terms 
"withdrawn" and "ejected" are relative and are intended to generically describe the 

15 miative movement of the device with respect to the delivery catiieter. 

[00743 An alternate delivery method for this device can be to deploy it directly 

through the septum primum as opposed to through the PFO. 
[0075] The mettiod of attacMag the central connecting member 26 to the 

anchor and stop mechanism 22 to penmt the distal anchor and the proximal anchor to 

20 be drawn together could be, for example, via a friction fit or via a slip knot on tfae 
central connecting member. H a slip knot is used, the fi«e etid of the suture proximal 
to the knot can be held lemotely and released after ti^e knot has been placed in the 
appropriate location, 

{00763 In one or more alternate embodiments of the invention shown in 
2.5 FIGURE 4, the central connecting member 26 is mounted to permit &ee sliding 

movement of the proximal anchor 22 relative to the central connectitig member 26. A 
biasing spring 30, wMch may be an expandable coil spring, can be formed at the outer 
end of the central connecting member 26 to bias iiie proximal anchor toward ihe distai 
anchor when both ai-e deployed ixom. the catheter or sheaOi. 
30 [0077J la the embodiments illustrated in FIGURES 4 and 5, a metallic 

campoiient may be used as the central corineciing aisrnber 26 in order to provide an 
appropriate stop and apply compression force to the p3x>ximal anchor 22, The metaiiic 
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compoaent could be a piece of shape memory wire that has one end molded or 
laminated into tiie distal anchor componsat 20. In FIGURE 4, the proximal anchor 22 
slides on the central conQcctiug member 26, md once it is deployed, the biasing sprmg 
30 formed on the end of the shape memoiy wire expaads to bias the proximal andior 
5 22 toward the distal anchor 20. 

[6078] la the BIGUllE 5 embodinient, a shape menwy wire forms a hook type 

anchor 32 made from two wires that exit through the center of the proximate anchor 
md curve in opposite directions wkm expanded to draw the proximiite anchor to ward 
the distal artchon 

iO [0079] Willie the embodiaients of HGURBS 4 aad 5 can leave a permanent 

foreign body when the bioresorbable components dissolve (if, for example, a metallic 
component is used as the central connecting member 26), one advantage of these 
devices is that no {hrombogenic tissue scaffold (ustialiy a vascular material) is placed 
on the left atrial side. Thrombns forming on the LA side of a PFO closure device can 

1 5 be released into the systemic circulation ca«siag an embolic event within the coronary 
arteries, cerebral circulation, or disially m the vasculature, and most vascular graft 
raateiials utilized to close PFOs are highly thrombogenic, 

[0060] The PFO closure devices may lieed to be capable of x-ray visualization 

and use wida nuliopaque fillers or marker bands, which may be fabricated fit>m noble 
20 metals such as platinum or gold. These maters cm be attaclied using a variety of 
common methods such as, for example, adhesive bonding, lamination between two 
layers of polymer, or vapor deposition. 

[0081] FIGURES 6A md 6B illustrate a closure device 50 in accordance with 

one or more further embodiments of the invention. The device 50 includes proximal 

25 aad distal anchor members 52, 54 connected witii a flexible (and preferably sfretchable 
eiastomeric) center joint or connecting element 56, The anchor members 52, 54 are 
preferably cyliiidrical in shape with rounded ends. Jn size, the distal anchor member 54 
might, for example, be about 15-30 tarn long and about 2 nan m dijuneter with a 
circular cross-section. The proximal anchor 52 can be of similai" dimensions and 

30 shape, although it can be siiorter in overall length. Tije anchor members 52, 54 are 
preferably made from a relatively rigid (preferably bioresorbable) polymer (regular or 
shape memory), or bioiogtcai tissue. Biocompatible metal caa also be used. 
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[0082] Other distal and proxuimi anchor stnictums are also possible. For 

example, the anchors can be formed of a generally fiat irxatedai roiled to form a 
cylindricai simpe as described bdow witii respect to tiie embodiments of FIGURES 20 
aad 21. 

5 [0083] The center joint 56 of tiic FIGtiRE 6 device (as well as tile center joints 

of the devices shown in FIGURES 7-iO, 12-1 8, and 21-24) are preferably eiastomeric 
iind resilient and are made from thrombogeiiic or iaOammatory roateriais includiBg, for 
example, polyester, biological tissue, bioresorbable polymer, small dianieter springs 
(e.g., Nitinol spriags), or spongy polymeric material. Aitcriiatively, tlie ceiiter joint 

1 0 caa be made of multiple strands of mataricLl 58 sucii as, for example, polymer iibers as 
sliowii in the closure device 60 of FIGUI^S 7A and 7B. The center joint cm be 
texmred, poroas or ixi a fonxt of a single or double-sided iiook materia! such as Velcro. 
1 itese Icinds of sarfaces produce inflammatory lesponses md therefore, promote faster 
tissue ingrowth and faster defect clostire, The entire device or parts of it can be made 

IS ftom bioresorbable poljoners. 

[0084] FIGUKE 8A and SB ai'e front and side views, respectively, of tije 

device 50 in a PFO defect. The proximal and distal anchor members 54, 52 are longer 
than the defect width, thereby iuhibitiag t!ie device from being emboiized. 
[01>85j In accordance with f\n1faer embodiments of tiie iiiTOntion, a closure 

20 device can include a delivery/removal medtanism to facilitate device delivery, 
removal or repositiomog, A device 70 shown in FiGUTiBS 9A and 9B iticludes a 
removal string 72 and a delivery string 74. The removal string is movabiy secured and 
slides freely inside of the proximal anciior member 76. The string extends from one 
end of the proximal member 76 and is fixed to mi opposite end of the distal anchor 

25 member 78. By pulling on tlie ftee end of the removal string 72, the whole device 70 
caa be collapsed and p«Oed into the delivery sheath 79 as shown in HGDRE 9A. The 
strings caa* for example, be sutures or wires such as Nitinol wire. 
[O0S6J The delivery and removal stiings are manipulated .separateiy in order to 

deploy or remove- the device, FIGURES 90E illusti-ate device deployment using the 

30 delivery string 74, whicii is preferably aUached generally to the center of tlie proxiiaal 
anchor meniber 76. The deUvery sheath 79 containing the device 70 is first inserted 
between the septum primum aod septimi secundarn into the left atrium as shown in 
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FIGURE 9C. As sbown in FIGURE 9D, the distal anchor 78 is then ejected from (he 
delivery catheter 79. Tension is then applied to the delivery string 74, and the delivery 
sheath is withdrawn into fee right atrium and the proxitnal anclior 76 is ejected. 
Applying fension to the deliv&ry string eaables the proximal anchor 76 to be properly 
5 deployed in ti^e right atrium, and keeps the anchor 76 from being ejected into the left 
atrium. Upon sticcessinl deployment of the device 70, both strings are released and 
the ddiveiy system is withdrawn. No tension, is applied to the removal string dndni 
delivery. 

[0087] FIGUEES 9F-H iliustrate removal of the device 70. As shown in 

10 FIGURE 9F, tension is applied to the iiemovai string, while the delivery sheath 79 is 
moved toward the device 70. The applied tension causes (lie proximal anchor 76 to be 
withdrawn into the delivery sheath as shown in FIGURE 9G. The distal anchor 78 is 
also withdi"awn into the delivery sheath as fiartiier tension is applied to the removal 
siring. The device can then be redeployed if desired or removed. 

1 5 [00883 Alternatively, the delivery string 74 can he oirntted, and the removal 

string 72 can be used for both device deployment and removai. The delivery sheath 79 
containing the closure device is first inserted between septum primuin and septum 
sectsndum into the left atrium in a siimlar manner to that shown in FIGURE 9C, The 
distal anchor 7S is then ejected from the delivery catheter 79 in a similar manner to 

20 tliat shown in FIGURE 9D. Tension is applied to the removal string 72, and the 
delivery sheath is withdrawn into the right atrium, and the proximal anchor 76 is 
ejected. Applying tension to the. nsmovai string enables the proximal anchor 76 to be 
propedy deployed in the right atrium and keeps the proximal anchor 76 from being 
ejected mto the left atrium. The elasticity of the center joint connecting the anchor 

25 members helps properly position the proximal anchor at the defect. Upon successful 
deployment of the closure device, the string 72 is released and the delivery system is 
withdri^wn. 

i,0089] As shown in FIGUi^S I OA and iOB, in another embodiment, strings 

80 (sntare, Nitinol wire, etc.) are attached to both ends of the proximal anchor member 
30 82 of a closure device 84, Both anchor members are flexible and can told a,s stjowri in 
FIGUIiB IDA in order to be delivered to or removed from tiie defect. 
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[0090] In accordance with a further embodiment of &e iuveation, as shown in 

FIGIMES 11 A and 1 IB, each of the proximal mA distal anchor members can iDcMde 
two elements 90 separated by an elastic hinge 92. The elastic bisgc 92 can facilitate 
folding of the members as shov/a io FIGUI-IE IIB. The hinge 92 cm be avoided or 
5 made from a material such as, for example, Nitinol or other shape memory raaterials, 
wbich am be a different material from the elements 90. 
100913 la accordance with some esibodiments of the mveulion, an entire 

closure device caa be made iroai a single sheet of a material as shown, for exampk, in 
the closure device 100 of FIGURE 12. Two opposite ends of the sheet cm be rolled to 

10 form the proximal and distal aRchoi; members. Glue or heat bonding can be used to 
maiotam. the rolled-op coniiguration of the anchor raembers 102, i04. 
[0092] ,A.s shown in .FIGURE 13, in accordance with some fiirther 

embodiments of the invention, one or both anchor menibers 1 10, i 12 of a closure 
device 1 14 can be iaflatable. The anchor members can be inflated witii, for example, 

1 5 SiUine or other physiological fluid during or before the delivery of the device. A tnbe 
11 6 can commusicats with cavities in the anchor members. An iulet 11.8 can be 
provided at one of the members for inttxjducing ilnid therela. 
f0093] In accordance with some further embodiments of the hiveniion, a wire 

120 such as, for example, m S-shaped wire, can be provided to connect the proximal 

20 and distal aachor members 122, 124 of a device 1 26 as shown in FIC?URB 14. The 
mxe can be used to provide additional clamping force while' tije device is in a PFO 
defect. Other wire shapes arc also possible. 

[0094J In accordance with farther embodiments of the inveotion, one or more 

fj^e structures can be used as the anchor members of a closure device. For example, 
25 FIGURE 15 shows a closure device 130 having a frame stmctoi-e 132. Also, FIOURE 
16 shows a closure device 136 having frames 138, 139. The frames can be, for 
example, a metal ie.g. , Nitinol wire) or polymer fraaje. 

[00953 FIGUR35S 17-19 illustrate closure devices in accordartce with some 

fiirther embodiments of the invention. A closure device 140 shown in FIGURE 17 
30 includes anchor membci-s 142, 144 having & frairie structure. The frame shape can be 
polygonal as shown in tire figure or .it can aiternativeiy be a ch-cuhir shape. Other 
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frame shapes are also possible as, for example, will be descrfbed beio\v wi& re^ject to 
FIGURES 22-24. 

[0096] A recovery satee can be attached to opposite ends of the proxiaaate 

anchor member 142 to coJkpse the anchors for deliveiy in a catheter 146 as shown in 
5 FIGURE 18 or for retrieval or repositioning, The anchor niambers can be made from a 
metal, preferably Nitinol, or polymers. AJteraativdy, as shown in FIGURE 19, an 
anchor member 148 can include both metal and polymer compoaents. 
[0097] In accordance with one or more further embodiinents of the invention, 

the distal and proxknal aiiiGhors can be formed of a flat sheet-like member roHed to 

10 form a cyimdrical shape as shown, for exaniple, in the device 170 of FIGURE 20A. 
The anchors 172, 174 can unroll to form sheet-like members when deploye4, as shown 
generally in FIGURE 20B. The sheet -lilie member can be made of a material having 
shape memory properties such as, for example, shape memory polymeric materials, 
Aiternateiy, tlie sheel-hke member can hjcltide metal struts made of shape memory 

15 meuds such as> for example, Nitinol or Nitiiiol alloys. The shape memory laaterials 
allo w the device to be delivered in a delivery sheath or catheter with the anchors in the 
rolled configuration of FIGURE 20A. The atichois attain the sheet-like geometry of 
FIGURE 20B once deployed due to their shape memory properties. The anclior 
meinbers 172, 174 cm be connected to each other with a connecting member 176, 

20 which can, for example, be a suture similar to that used in the FIGURE 2 device. 
l009Sj FIGURES 2iA and 21B illustrate a closure device 180 having rt>ned 

anchor members 182, 184, which are similar to the anchor membera 172, 174 of the 
device of FIGURES 20A and 20B, The anchors 182, 184 ai« connected to each other 
by a connecting member or joint 186, which cm be a sheet of flexible material similar 

25 to tlie connecting members previously described with respect to FIGURES 6 and 7. 
100991 FIGURE 22.A illustrates a ciosoiie device 200 in accordance with one or 

more further embodiments of the invention. The device 200 inciudes distai and 
proximal anchor members 202, 204, each of which has a polygonai or circular frame 
structure. The anchor members are connected by a conneciing member 206, wMch can 

30 be made from a .flexible materiv^l similar to tiiat previously described in connection, 
with FIGUREvS 6 and 7, The connectiiig member 206 can be made of two sheets of 
flexible material connected at their centers, generally forming an "X" shape iii the side 
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view of the device. As showa in HGURE 22B, the proximal aiichor member 204 can 
iachide one or more recovery wires or sutures attached to the frarne structure for use in 
device depioyment of recovery, FIGURE 22C iltastxates Che device 200 as deployed. 
[01003 FIGURES 23 and 24 illustrate closure devices 220, 230. respectively, in 

5 accordance with furtlier enibodiaiente of the Inveation, Each device 220, 230 includes 
distal and proximal anchor iriembsrs having a fnrnie structure. The anchor members 
are connected by a flexible joint 222, wliich can be made from a flexible laateriai 
similar to that previously described in connection with FIGURES fS and 7, The 
HGURE 23 device 220 includes distal md proximal jmchor members 224, 226 

10 generaiiy haidng a " f " shape. The FIGURE 24 device 230 includes distal aad 
ptroximal anchor members 232, 234 geaeraiiy haviiig a "G" shape. 
[0101] In still fijrther embodiments of the closure device 250 according to &e 

present invention, the distal and/or proximal anchor members 252 aad 254, 
respectively, may be formed of cyjindrical sti-uctures, split along the central portion of 

1 5 tlioir length to provide elongate ovals (>'. e., an *'open-mouthed*' coiifigurados) as 

shown in FIGURES 25-27. & this eloxtgate oval configuration, arcs 256 and 258 are 
joijied by ends 251, 253 and 255, 257, respectlveiy (FIGURE 25), This configuration 
increases tlie size and surface area of the anchor member, thereby improving the 
distodgement resistance of the closure device 250. As used herein, "dislodgement 

20 resistance" refers to the ability of a closure device to resist the tendency of the force 
applied by the tuiequai pressures between the right atrium iO atid the left atrium 12 

the "dislodging force") to separate the ciosare device from the septal tissue, 
GeneraUy, a high dislodgement resistance is desirable, 
[0102] Distal and/or proximial anchor members 252 and 254 having this 

25 eiongats oval configumtion may be eitlier two-dimensional OE'IGUBBS 25-27) or 
tliree-dimeflsioaa! (FIGURES 28-32), As shown in FIGURE 28, in the three- 
dimensional configuration, the arcs 258a and 258b of proximal anchor member 254 are 
pre4isposed to bend at an angle 6 from the plane A of tiie two-dimensiouai proximal 
anchor member 254, Arcs 258a and 258b may bend at an angle 6 either toward or 

30 away from center joint 259 (FIGURES 29 and 30, respectively). In particular 

embodi^^enls, both distal aiichor 252 and proximal anchor 254 are three-dimensionsd. 
In such embodiments, arcs 256a and 256b of distal anchor member 252 and arcs 258a 
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and 25gb of proxinial anchor member 254 may bsnd at ths same mgie 9 or at different 
angles QdSstsi^d Ogcoxissd, respectively. Further, ai-cs 256a, 256b and 258a, 258b may 
bend toward ceaUer joint 259 (FTGURB 29), away from center joint 259 (FIGURE 30), 
or ia opposite directions (i.e., one toward center joint 259 and one away from center 
joint 259, as shown in FIGURE 31). As shown in FIGURES 28-32, ai-os 256a, 256b 
and 258a, 25Sb include a straight bend; however, arcs 256a, 256b and 258a, 258b may 
also include a cm"ifed bend sncb that they are concave or convex. One skilled in tlie art 
will further recognize that, in a tkee-diciensionai configuration, ends 251, 253 and 
255, 257 may also be bent as described above for arcs 2^6a, 256b and 258a, 258b. 
[0103j In some clinical applications, a three-dimension al conilgoration of 

distal anchor member 252 and/or proximal anchor member 254 may be particularly 
advantageous. For example, septurr) primnm 14 and septum secundum 16 ans typically 
of dispaiste thickness, as shown in FIGURE 32. Consequently, tlie septal tissue in the 
right atrium. 10 is characterized by a step-Uke surface (indicated by line Lra)- The 
septal tissue in the ieft atrium 12 may also be characterized by a similar step-like 
snrface (indicated by line Ua)- Insertion of a closure device including a two- 
dimensional anchor into a PFO surrounded by such step-like septal tissue often results 
ia undesiiable seating of tiiat anchor member against tlie septal tissue, in that at least 
one arc of each anchor member does not contact the septal tissue, as shown in 
FIGURE 27, However, the angled arcs of a three-dimsnsional anchor member may 
more closely approximate the step-iilce surface of the septal tissue, as shown in 
FIGURE 32, Thus, in certain ciinical applications, the use of a closure device 
including a three-dimensional distal anchor member 252 and/or proximal anchor 
member 254 may provide improved seating of tije device 250 against the septal tissue 
and, correspondingly, a reduced profile of the device 250 and more efi^ective closure of 
the PFO. As used herein, "profile" refers to the degree to which closure device 250 
extends away from the septal tissue sepium prixnum 14 and septum secundum 16) 
and is exposed in the atda, A device having a "low profile" is closely seated against 
the septal tissue and extends only slightly, if at all, into the atria, A device having a 
"high profiie" extends away from the septal tissue and into tiie atria. Generally, a 
device having a low profiie is desirable because it is less tlnxjmbogenic m vivo. One 
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skUied in th» art wiil foe capable of determijang those dimcal applications in wliicJi the 
iis& of toee-dimensioaal anchor meiiibei-s is appropriate. 
[0104] Either or both of distal anchor member 252 and proximal ^ichor 
member 254 having the above-described elongate oval config^iration may iodude a 
5 tissue scaffold 260 extending between their two arcs 256a, 256b and 258a, 2S8b, 
respect! vely, as shown in PKtURE 25, The indusion of tissue scaffold(s) 260 
augments tJie area of septal tissue covered fay the anchor meiiibers 252 and/or 254, 
Consequently, device 250 provideis improved closure of the i'FO. Moreover, tissue 
scaffold 260 promotes encapsulation m\d eEKlotbelializatiori of the septal tissue, 

10 thereby further encouraging anatomical closure of the PFO. The tissue scaffold 260 
may be formed of any flexibie, biocompatible material capable of pfoaioting tissue 
growth, includiag but not Mmited to. pol v'cster fabrics, Teflon-based materials, ePTFE, 
polyurethaoes, metallic materials, poiy vmyl alcohol (PVA), extJ-acelMar matrix 
(ECM) or other bioeagineered roateriiiL synthetic bioabsorbabie polj-meric scaffolds, 

15 other natural materials (e.g., collagen), or combinations of the foregoing materials. 
For example, the tissue scaffold 260 may be formed of a thin met;dlic tiim or foil, ^,g., 
a mtinol Tihix or foil, as described in United States Patent Application No. 
2003/0059640 (the entirety of which is incorporated herein by reference), 
[OlOSj 13istal anchor member 252 and proximal anchor member 254 may be 

20 connected by a flexible center joiat 259 (FIGURE 25). As previously described, m at 
least some embodiments, center joint 259 iacludes a atretchable elastomeric material. 
In at least some embodiments, center joint 2.59 includes a thrombogenic or 
inflammatory material, such as polyester, biological tissue, bioresorbable poiymer, 
small diameter springs, nitiaol springs, spongy polymeric materiai, or 

25 combinations of the foregoing materials, M at least some embodiments, center joint 
259 is texttired, porous, or in the fonn of a single- or double- sided hook material, such 
as Velcro, These types of surfaces produce inflammatory responses and, therefore, 
promote faster ti,s.su6 ingrowth and defect dosure. In particular embodiments and a? 
shown in FIGURE 25, center joint 259 is formed of a deformable or expandable fdm, 

30 such as those disclosed in Utdted States Patent Application Nos. 2002/0165600 and 
2002/0165576 {both of wMch are incorporated herein by reference). For exaaiple, 
center joint 259 may be formed of a siiape memoiy fiim (e.g,, nitinoJ film) or a 
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polymeric filin. Small openiags 471, e.g., slits or holes, may be cut in the fiim SBch 
that, as the film expands upon deployment in vivo, the opeaings 471 also expand 
(FIGURES 48 A and 48B). In tliis manner, the center joint 259 is lendeiBd more 
flexible and capable of expantding sigmficantly in leogth without placing excessive 
5 strain on the closure device (FIGURE 48B). In some emtbodiments, the closure device 
250 may include two flexible center joints 259a and 259b (FIGURE 33). 
[0106] Center joiat 259 la&y be of various shapes and sizes depending upon the 

particular anatomy of the patient's septal tissue. For example, as shown in FIGURE 
25, center joint 259 .may be generally rectanguiar. In other embodiments, arid as 

10 shown in FIGURE 35, center joint 259 may be shaped generally as an "X" or 

hourglass when in its rekixed configuraiioa. Removing material from the sides of 
center joint 259 to form m hourglass shape increases its flexibility in vivo. The 
amount of inateriai removed from tiie sides of a rectangular center joint 259 to forai an 
hourglass shape will var>^ depending upon tlxe particular application. According to 

15 some embodiments, betw'eea one-tlurd and two-thirds of a rectangidar center joint 259 
will be removed to form the corresponding hourglass center joint 259. In particular 
embodiments, approximately one-half of a rectangular center joint 259 will be 
removed to form tine coaespondiag hourglass center joint 259. In determining the 
precise amount of material to remove from the sides of a rectangular center joint 259 

20 to form an hourglass center joint 259, a sufficient portion of center joint 259 must be 
retained to promote the healing response of the septal tissue that it contacts in vivo. 
One sidlled in the art will be able to determine the precise amount of material that may 
be removed from a rectangular center joint 259 to form an hotirglass center joint 259 
suitable to the patient's septa! anatomy while sufSciently maintaining the ability of 

25 center joint 259 to promote the healing of the septal tissue. 

{03.07] Center joint 259 may be coimected to distal and proximal anchor 
members 252 and 254, respectively (FIGURES 35 and 36), or, if present, to tissue 
scaSolds 260 {FIGURE 25), Center joint 259 may connect to tissue scaffolds 260 at 
their centers {FIGURE 25), at a location on their peripijcries (FIGURES 33 and 34), or 

30 somewhere in between (HGURE 48A). In particular embodiments, center joint 259 is 
connected at a location between the center <jnd a periphery of tissue scaffold 260 on 
distal aiichor member 252 and at a location between the center and opposite periphery 
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of tissue scaffoid 260 on proximai anchor member 254 (HGIJRB 4SA) so as to more 
ciosdy approximate the angied, tunnel-like anatomy of the PFO and mdtjce the profiie 
of closure device 250 in vivo (RGURE 48B). For example, as sho\m in HGURES 
4$A and 48B, center joint 259 may be connected to the tissue scafibld 260 of distal 
anchor member 252 at a location between the center of the tissue scitffold 260 and the 
arc 256a and connected to the tissue scaffoid 260 of proximal andior member 254 at a 
location b&tween tJie center of tissue scaffold 260 and the arc 258b. 
[§108] A closure device including a distal, anciwr member 252 and/or proxixnai 

atiehor member 254 having ais elongate ov^U configuration may be deployed or 
retrieved if arcs 256a, 256b and/or 258a. 258b, respectively, are collapsed to reduce 
the profile of closure- device 250 $uch that it may be drawn into and contained within a 
delivery or retiievai catheter 370 {HGURES 37-46). According to om embodiment 
md as showi} in FIGURE 25, closure device 250 may include a delivery string 371 . 
As shown in FIGUilE 25, delivery string 371 is permanently attached to arc 258a of 
proximal anchor member 254, althotigh one of sktil in the art will rccogaize that 
delivery string 371 may be attached anywhere oa proximal anchor member 254. 
Beiivery string 371 may be attached in any soitabie manner, for example, through a 
drilled hole, via glue, etc. Delivery string 371 is short (le., several millimeters) and as 
least thrombogenic as possible. As tised herein, "string" includes various materials, 
which may be stiff or flexible. Delivery string 371 terminates in a ball 377 at its &ee 
end. Closure device 250 farther includes a recovery ball 373 attached to recovery 
string 374, which is threaded ihi-ough ends 255 and 257 of proximal anchor member 
254 and subsequently attached to end 253 of distal anchor member 252. Slack 375 
exists in recovery string 374 between end 253 of distal anchor member 252 and end 
257 of proximal anchor member 254. Closure device 250 still further includes a ball 
372 attached to recovery string 374 md contained between ends 255 and 257 of 
proximal anchor member 254, Ends 255 and 257 of proximal anclior member 254 
may have an imier diameter greater than that of ball 372 but are tapered such that the 
terminal segment of ends 255 and 257 have a diameter smaller tliaii that of ball 372, 
Thus, the movement of ball 372 is constrained between ends 255 md 257 of proximal 
anchor member 254, 
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[0109] Prior to dsploymsnt in vivo, device 250 must be placed within delivery 

catheter 370 (FIGURE 37). Device 250 may be loaded into catheter 370 in my 
maimer such that slack 375 is maintained in recovery string 374 between distal anchor 
member 252 and proximal anchor member 254, as shown in HGURE 37, For 

example, device 250 may be manuaily loaded into catheter 370. Ooe skilled in the art 
will be capable of ideatifyiBg suitable xaertiods for loadiog device 250 into catheter 
370. 

[0110] One of skill in the ait will, of course, recognize that the ma>;t3iiam 

amount of slack 375 in the recovery string 374 is dependent upon (he distance ball 372 
may travel between ends 255 and 257 of proximiil anchor member 254. Slack 375 
increases as ball 372 travels closer toward the terminus of end 257. Thus, the amount 
of slack 375 may be adjusled by altering the tapering of the interna! diameter of ends 
255 mid 257, Additionally, the sMt 480 splitting ends 255 and 257 of prOKimal anchor 
member 254 into ai'cs 25Sa and 258b may be extended toward the termini of ends 255 
and 257 so as to maximize the distance ball 372 may travel within proximal anchor 
member 254 and, correspondingly, the slack 375 (FIGURE 47), 
[011.1] Device 250 may be delivered to its intended delivery site in vim by 

various methods, only one of which will be described herein. As shown in FIGURE 
38, the clinician holds both recovery ball 373 and delivery ba1.l 377 by suitable 
devices, e.g„ grips 376 and 401, As used herein, the terms "ball" and "grips" are used 
to genericaliy describe the delivery mechanism. One skilled in the art will recognize 
that the precise structure of the delivet>' mechanism components may vary. Grips 376 
and 401 permit the clinician to apply tension or compression to delivery stiing 371 or 
recovery string 374 as desired to properly manipdate device 250. Generally, during 
delivery of device 250 by the method described herein, tension mU be applied only to 
delivery string 371 j recovery string 374 will he held in a relaxed contlgyration such 
that slack 375 is maintained. Once the clinician is properly hoMtng both recovery bail 
373 and deliveiy ball 377, catheter 370 is delivered through the patient's va.sculature to 
the right mmm 10 of the heart (FIGURE 38). Then, as shown in FIGURE 39, catheter 
370 is inserted between septum primum 14 and septnm secundum 16 into the. left 
atrium 12, Distal anchor member 252 is ejected into the iefl atrium 12 by pushing on 
grips 401, and arcs 256a aad 256b reassume their elongate oval corifiguradon 
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CPIGURE 39). Catheter 370 is withdrawn between septum primum 14 and septom 
secundum 16 aad iato the right atrium 10, such that proximal anchor member 254 is 
depioyed into the right atrium 10 aad slack 375 extends toough the PFO (FIGUIRE 
40). During this process, grips 401 are unaintaiaed on deliver)' bail 377, and the 
necessa.ty tension is appJied to delivery string 371 (FIGURE 40), As sliom'ji in 
FIGURE 40, arcs 258a and 258b reassnme their elongate oval configiiratioa upon 
deployment of proximal anchor mejnber 254 into the right atrium 10, and proxioial 
anchor member 254 may be positioned as desu-ed against the septal tissue using grips 
401 . Disfal aacbor member 252 a.nd proxinutl anchor member 254 cooperate to apply 
a compressive force to septum primum 14 and septum secundum 16, thereby closing 
tiie PFO (FIGURE 41). If deployment of closure device 250 is satisfactory to the 
clinician, grips 401 release delivery ball 377, grips 376 release recovery bail 373 
(FIGURE 41), and catheter 370 is withdraws from the right atrium 10 aad further 
withdrawn through the patient's vasculature. 

[01 12] However, if, following deployment, the cliiiician is not satisfied with 

the position of device 250, gtips 376 md grips 401 may he maintained on balls 373 
md 'ill, respectively, so that the device 250 may be repositioned and/or retrieved. 
Device 250 may be repositioned by fiirther manipulating the tension applied to 
delivery string 371 by grips 401 (FIGURE 42). To retrieve closure device 250, 
catheter 370 is positioned against end 255 (HGURE 43). Recovery ball 373 is pnUed 
into the catheter 370, such that bail 372 moves to pahit B of end 255 and arcs 258a and 
25Sb of prt>ximal anchor member 254 are collapsed and withdrawn hxto catheter 360 
ORIOUI^E AA), Upon nearing complete retrieval of pimimal anchor member 254, 
slack 375 in string 374 is eliminated, or aeariy so. and end 257 of proximal anchor 
member 254 and end 253 of distal anchor member 252 are touching, or nearly 
touching, such that proximal anchor member 254 and distal anchor member 252 are 
aligned in a longitudinal, end-to-end manner (FIGURE 44), Grips 376 continue to 
apply tension to reawery string 374, pulling recovery ball 373 toward the proximal 
end of catheter 370, as shown in FIGURE 45. Arcs 256a and 256b of distal anchor 
member 252 are coliapsed, and distal anchor member 252 is wltklrawri into catheter 
370 (FIGURE 45). Catheter 370 is then withdrawn thiough the PFO, aad into the right 
atrium 10 (FIGURE 46). 
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£0113] The delivery and recovery system of device 250 may be modMed m 
various ways, one of which is shown in the device 490 of FIGURES 50-51. Striog 374 
may be extended from end 255 of proximal anchor member 254 toward arc 258a, be 
attached to arc 258 at a poiat Y, fiiithcr extend from arc 258a to form 
5 delivery/recovery string 49i, and terminaie in delivery/recovery bail 492 (FIGURE 
50). The device 490 raay be deployed as described above, eiscept that only grips 401 
would be aecessary hold delivery/recovery baO 492 and manipulate the tension applied 
to delivery/recovery siring 491 diiriog delivery. To retrieve device 490, gj'ips 401 
apply sufficient teiLsioti to delivery/recovery string 491 fo break its connection to arc 

10 258a of proximtd anchor me37ibc.r 254 at point Y (FIGURE 50), By applying furtlier 
tension to delivery/recovery string 374 by pulling delivery/recovery ball 492 towards 
the proximal end of the catheter 370, device 490 orients in a longitudinal manner and 
may be withdrawn into the catheter 370 a.s de.<;cribed previously, 
[01 14 j The closure devices described heiein can optionally be «sed along witli 

1 5 sutiuring or stapling techaiques where the anchors or tlexible joints of the devices can 
be sewn or stapled to septwm primum 14 and/or septum secundum 1 6 for better 
dislodgment resistance. Also, the flexible joint can, if desired, be covered with a 
biocompatjble adhesive to adhere to the tissue or can be loaded with drugs or growth 
factors to promote healing. The adliesive and tdso certain drags can also optionally be 

20 stored in any cavities in the anchor members 252 aad/or 254 (e,g„ in the cylindrical 
members of FIGURES 6 and 7) md released after deployment. Radiopaque markers 
can also be attached to the closure devices for better visualization during the 
impiaiitadon procedm^e. One skilled in the art will tiecognize that a variety of 
vismdization techniques may be used, including fluoroscopy and magnetic resonaiice 

25 imaging (MRI). 

J0H5] The various closure devices described herein may further include a 

nmiiber of advaiUageous features. The closure devices preferably have an atraumatic 
shape to reduce trauma during deployment or removal. In addition, the devices can be 
.self-orienting for ease of deploynnent F«rthemiore, because of the fieo(iMe center 

30 joint, the devices generally coiifonn to the aaatoiiiy instead of the aTiatomy confonning 
to the devices, which is especially usefi:! in long tumiel defects. In additio«, the 
devices can preferably be repositioned md/or removed during delivery, Tiic devices 
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also geneiaiiy have a retativeiy low profile after depioyuienf. The flexible center joiat 
259 of the devices caii eacourage faster tissue iagrowth and tiierefora, faster defect 
closure. Furthermore, iters are geiterally no exposed thrombogenic components in the 
Mt 12 and right 10 atria. Still further, the devices may advantageously mciude 
5 bioresorbable componeiits, which will disappe;3r from, tiie- body over time. 
[0116] One skilled m tiie iirt will recognize that the features of my 

embodiment described iiereia may be combined with those of aiiy otiier embodiment 
described herein. 

[0117] Other benefiis of the devices described herein include the possible «se 

10 of a reiativeiy small diameter deliver)' sheath, use of a reduced arnouril, or no, metal 
mass in the device, ease of manufactuiiog, cost effectiveaess, and overall design 
simpiicity, 

[0118] Having described preferred embodiments of tije present invention, it 

shouid be apparent that vadous modifications may be made without departing from the 
1 5 spirit ajid scope of the iaveation, wliich is defined in the claims belctw. 
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What is claimed is: 

I. A devices for closing a defect in septal tissue, comprising: 

a first side adapted to be disposed on one side of the septal tissue and a second 

side adapted to be disposed on the opposite side of the septa! tissue, said first and 
5 second sides conaected by at least one csnt&r joint, 

wherein each of said first and second sides includes aia anchor membsrj and 
wherein the anchor member of at least one of Sfiid first and second sides 

comprises a geacrally cyliadrical member split along the centi-al portioa of its leiigth to 

form sn eioagate oval 

10 2. The device of Claim 1, wherein said at least one center joint extends through 
the defect in the septal tissue when said device is deployed at its intended delivery 
location. 

3, The device of Claim 2, wherein said first and second sides cooperate to provide 
a compressive force to the septal tissue surrouEding the defect. 

15 4. The device of Claim I , wherein each of said first and second sides comprises a 
generally cylindrical member split along tiie centi-al portioa of its length to form mi 
elongate oval. 

5. The device of Claim 4, wherein said Gr&t and second anchor members are 
three- dimeasional. 

20 6. The device of Claim 1, wherein said anchor members include a mateiial 
selected from the group consisting of metals, polymers, shape memory materials, 
bioresorbable materials, drag-exuding materials, and combinations of the foregoing 
materials. 

7. Tiie device of Ci aim I , whereiii said ai least one center joint includes a 
25 stiBtcliabie elastomedc material, 

8. The device of Claim 7, wixerein said at least otie center joint inciudes a shape 
memory material. 

9. The device of Claim 8, wherein said at least on© center joint includes nitSnol 
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iO. The device of Claim 9, wherein said at least one center jomt coniprises a fiitinol 

1 L The device of Claim 10, whereia said nitinoi film includes openings selected 
from the group consisting of slits and holes. 

5 12. The de vice of Claim 7 , wherein said at least one ceater joint iacludes a material 
tiiat promotes closum of the defect in the septal tissue, 

13. The device of Claini 12, whereia said at least one center joint includes a 
material selected from the group consisting of tbrombogeaic materials, inflammatory 
materials, drug-exuding materials, and combinations of the foregoing materials. 

10 14. The device of Claim 7, wherein said at least one center joint is porous. 

15. The device of Claim 1, wherein at least oue of said first and second anchor 
members includes a tissue scaffold. 

16. The device of Claim 15, whareiii sn6 tissue scaffold iucludes a material 
selected from the group consisting of polyester fabrics, Teflon-based materials, 

15 eFFFE, polyurethanes, metallic materials, polyvinyl alcohol (PVA), extracellular 

matrix (ECM), synthetic bioabsorbable polymeric scaffolds, collagen, dmg-exuditig 
materials, and combinations of tiie foregoing materials, 

1?. The device of Claim 15* wherein each of said first and second anchor members 
includes a tisstie scaffold. 

20 1 8. The device of Claim 17, wherein said at least one center joint is connected to 
said tissue scalfoids. 

19, The device of Claim I, wherein said device is retrievable, 

20. A device for closing a defect in septal tissue, comprising: 

a fji-st side adapted to be disposed on one side of the septal tisijue and a second 
25 side adapted to be disposed on the opposite side of the septal tissue, said fijrst and 
second sides connected by a at least one center joint, 
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wherein each of said first and second sides includes aii aachor member 
compr ising a generaOy cylindrical member split along the central portion of its length 
to form an elongate oval, and 

wherein said first and second sides cooperate to provide a compressive, force to 
5 tfae septal tissue sorrouadarg tlis defect when said device is deployed at an intended 
ddiverj' location. 

21. The device of Clma 20, wherein said anchor members inclade a material 
selected from tlie group consisting of metals, polymers, .shape memory matertais, 
bioi"esorbable materials, drug-exuding materials, and combinations of the foregoing 

10 materials. 

22. The device of Qaitn 21, wherein each of sdd elongate oval anchor members is 
three-dimensional, 

23. The device of Claim 22, wherein each of said elongate oval anchor members is 
coatlguied to inininjiize tiie septal proille of said device. 

15 24. The device of Claim 23, whersin the arc^s of said elongate oval anchor 
members are positioned at an angle 0 from the plane of said device. 

25. The device of claim 24, wherein each of said eJongaie oval anchor members is 
concave in shape. 

26. The device of Claim 24, wherein said angle 6 is greater than 0 degrees and less 
20 than aboct 45 degrees. 

27. The device of Claim 20, wherein each of said first and ."second anchor members 
includes a tissue scaffold. 

28. The device of Claim 27, wherein said tisssue scaffold includes a material 
selected from the group con.«sting of polyester fabrics, Teflon-b^ed materials, 

25 ePTFE, polymetlianes, metallic materials, polyvinyl alcohol (PVA), extracellular 
matrix. (ECM), synthetic hioabsorbable poiymeric scaffolds, collagen, dmg-exuding 
materials, and combinatioas of the forgoing mateiials. 
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29. The deyice of Claim 20, wherein said at least one cejjter joint includes a 
stretchable elastomedc material. 

30. The device of Claim 29, wherein said at least on.e center joint includes a shape 
memory material. 

5 33. The device of OaiiB 30, wherdii said at least one center joint inckde'i mtiuoL 

32, The device of CMm 29, wherein said at least one center joint incindes a 
material tliat promotes closure of the defect in the septa! tissue. 

33, The device of Claim 32, wherein said at least one center joint includes a 
material selected from the group consisting of thrombogenic materials, inflammatory 

10 materials, drug-exuding materials, and corabioations of the foregoing niatenais. 

34. The device, of C\mx\ 20, further comprising a retiicvai mechanism for 
retrieviug said device from its intended delivery location. 

35. The device of Claim 34, wherein said retrieval mechanism, reduce-s the profile 
of said device such that said device may drawn into a catheter. 

IS 36, The device of Claim 35, wherein said retrieval mechanism induces the distance 
between said first and second anchor members and aligns said first and second anchor 
members in a longitudinal orientation, 

37, The device of Claim 35, wherein said retrieval mechanism comprises 

a string extendiag from one end of said first anchor member to and through 
20 said second anchor member, and 

a ball constrained on said suing witliin said second anchor member. 

38, rhe device of Claim 37, wherein said strmg is flexible. 
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